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Antigenic  Analysis  of  Hematopoiesis:  II.  Expression  of  Human 
Neutrophil  Antigens  on  Normal  and  Leukemic  Marrow  Cells 


Lcwts  C.  Strauss,  Ksrtti  M.  Skubttz,  J.  Thorns*  August,  and  Cun  I.  Civtn 


024  “Ths  binding  of  flvt  andnoutropM  monoclonal  autobod*ss> 
025  AM H-\.  -2.  -3.  -7,  and  -4.  to  normal  and  loukomie  bona 
024  morrow  cods  wos  studied.  AHN-7  bound  to  many  granuio* 

027  cytie  precursor*,  portteularly  myelocyte*,  and  both  lym- 
024  phoid  and  Most  ood*  in  normal  morrow,  and  to  moot  but  not 
024  ad  yamdocyta  macraphaga  progHton  tCFC-QMI.  AMN-4 
030  bound  only  to  lot#  (bond  and  segment  ad)  nautrophilc  cells 
03t  and  not  to  CFC-OM.  AMN-1,  -2.  -3  bound  to  morphoiogieady 
032  tdontihabio  noutrophd  procuraore.  but  not  to  (fsyHI  CfC- 
033  QM.  Approximately  half  of  nonfymphoM  leuhamia  speo- 
034  mans  warn  poaitteo  with  AMN-1  or  AHN-7;  by  contrast. 

034  lymphoid  loufconda  apocimona  ware  rarefy  poertrwe.  AHN-4 
034  was  rarely  found  on  loubemic  code.  Thooo  ■ntfcwutrophjP^""' 
037  ontibodbw  appear  to  detect  dtednct  jmtolopoisticjuwrts 
038  and  may  be  ueeful  in  the  analysis  of  hsowtgjoglfdlfforon- 
034  tiotian  and  in  the  subclassidcstien  ofjpudtmias.  f  \ 


>i  fr^r 
'  /iC~Ah  LL  S  tL,i 

r  t/j'V!./  '..frh-.ty 

(+K  re-*  r-  T ^ 


Vs.  ■'  h’j^ 


T  TYBRIDOMA-jPERTVeD  monoclonal  antibodies 
H(TMoAbysp«ifically  reactive  with  lymphocyte 
cell  surface  "molecules  have  been  of  great  value  in  the 
analysis  of  lymphocyte  differentiation  and  lymphoid 
neoplasia.~MoAb  motive  with  human  neutrophils 
have  been  developed*  and  are  potentially important 
toots  for  the  study  of  gr.nulocyjfcfunctionTTeukemic 
cell  origins^nd  granulopoiesis.  Antibodies  against 
the  My- 1  human  granulocyte  antigen  react  with  mor¬ 
phologically  identifiable  neutrophil  precursors,  but  not 
with  cokmy-forminajcells  of  the  granulocyte-monocyte 
lineage  fCFC-GM  jy  We  have  studied  five  additional 
amineutropnil  monocionai  antibodies  for  reactivity 
with  human  leukemic  and  normal  marrow  cells, 
including  CFC-GM.  The  AHN-7  MoAb  reacts  with  a 
neutrophil  surface  protein  of  liiBttytfiW^TlTinirent 
molecular  weithu^nd  binds  to  peripheral  blood  baso-  / 
phils.  snsinephilsV  and  monocytes,  as  well  as  neutro- 
phils’  (and  unpublished  data).  AHN-8  recognizes  a 
glycoiiptd  antigen  and  reacts  solely  with  mature  neu¬ 
trophils  in  peripheral  blood.7  AHN-I,  -2,  and  -3  bind 
to  a  carbohydrate  sequence  found  on  several  mem 
brine  glycolipids  and  Aw  proteins  of  neutrophils.7* 
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Murine  mooockmal  antibodies  AHN-I.  -2,  -5.  -7.  -8  were  pre¬ 
pared  u  previously  described.7-*  AHN-I.  -2.  and  -3  are  IfM(«) 
MoAb.  AHN-7  and  -8  are  l(G1(«)  MoAb.  Neat  spent  hybridoma 
culture  supernatant  was  used  as  the  antibody  source  for  AHN- 1 .  -3. 
•7.  -8;  diluted  ascites  fluid  (l:$0)  was  used  for  AHN-2.  Negative 
controls  were  the  IgM  myeloma  protein.  TEPC  183.  used  as  diluted 
ascites  fluid  <  I  SO),  and  MOPC  21 .  a  IgG  I  myeloma  protein,  used  as 
diluted  ascites  (1:50)  or  neat  spent  supernatant  of  the  P3X63-AG8 
cell  line  ( American  Type  Culture  Collection.  Rockville.  MD).  These 
isotype- matched  myeloma  proteins  react  with  no  known  antigens 
and  were  utilized  in  p*i«ikJ  with  AHN  MoAbs  to  control  for  the 
possible  binding  of  MoAb  due  to  the  Fc  rather  than  the  Fab  region. 
The  lgG2b  MoAb.  28/43/6.  which  binds  to  lymphocytes  from  all 
donors  tested  *  was  used  as  a  positive  control.  All  antibodies  were 
used  in  greater  than  eightfold  excess. 

Blood  cells  and  bone  marrow  cells  were  prepared,  and  indirect 
immunofluorescence  assays  were  performed  as  previously 
described.*  Background  fluorescence  obtained  with  negative  control 
antibodies  was  <5%  and  was  subtracted  from  that  obtained  with 
AHN  MoAb.  Low-density  nonadberent  human  bone  marrow  leuko¬ 
cytes  (5  x  IO*/ml  in  RPM1  1640  (Flow.  Rockville.  MD)  containing 
0.2%  bovine  serum  albumin  (BSA:  Sigma.  St.  Louis.  MO)]  were 
routinely  incubated  with  an  equal  volume  of  sterile,  centrifuged 
( 15.600  f.  15  min.  4*C)  MoAb  for  20  min  (22* C).  The  cells  were 
washed  twice,  then  either  (A)  "panned"  on  a  goat  ami-mouse 
immunoglobulin-coated  Petri  dish,  using  the  previously  described 
immune  adherence  "panning"  technique.*-*  or  (B)  resuspended  in 
RPM!  1640  containing  0  2%  BSA.  DNAse  I  (250  Kumu  U/ml; 
Sigma.  St.  Louis.  MO)  and  rabbit  complement  (Cedariane  "Low- 
Tox  H.”  Accurate  Chemical  Corp..  Wcstbury.  NY)  at  1.8  dilution, 
as  described*  Cells  recovered  from  these  procedures  were  counted 
(viable  cell  count  by  trypen  blue  dye  exclusion),  examined  for 
morphology,  and  placed  in  icmisoiid  agar  tissue  culture  medium 
(containing  $%  v/v  human  placenta  conditioned  medium)  for 
growth  and  enumeration  of  CFC-GM.'* 
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103  Normal  human  marrow  leukocytes  were  examined 

104  for  reactivity  with  the  AHN-7  antibody.  Low-density 

105  nonadherent  marrow  leukocytes  were  separated  by 

106  immune  adherence  ("panning")  into  antigen-positive 

107  (bound)  and  antigen-negative  (unbound)  populations. 

108  Aliquots  of  the  panned  cell  populations  were  incubated 

109  (again)  with  AHN-7  antibody,  then  analyzed  by  indi- 

110  reel  immunofluorescence  for  expression  of  AHN-7 

1 1 1  antigen:  >90%  of  the  cells  in  the  bound  fraction  were 

112  AHN-7-positive,  compared  with  35%  in  the  unsepa- 

113  rated  population;  marked  variation  in  fluorescence 

1 1 4  staining  intensity  was  observed.  Approximately  1 0%  of 

115  the  cells  in  the  unbound  fraction  were  (weakly)  AHN- 

1 16  7-positive. 

117  Fractions  obtained  after  treatment  with  excess 

118  AHN-7  and  panning  were  examined  morphologically 

/  119  and  assayed  for  CFC-GM.  The  AHN-7-positive 

\\  120  (bound)  marrow  cell  fraction  (Table  1A)  contained 

121  morphologically  identifiable  eosinophil,  basophil,  and 

122  neutrophil  precursor  cells,  including  myeloblasts,  and 

123  was  particularly  rich  in  neutrophilic  myelocytes  (32% 

124  and  31%  in  2  experiments).  A  large  number  of  tym- 

1 25  pboid  cells  and  blast  cells  of  several  lineages  were  also 

1 26  seen  in  the  bound  fraction.  Thus,  most  or  all  myelo- 

127  cytes  and  subsets  of  these  other  marrow  cell  types 

128  express  the  antigen  identified  by  AHN-7.  The  AHN- 

/  129  7-negative  (unbound)  population  was  depleted  of 

A^UO  CFC-GM  (Table  2AV  only  21%  (21%  38%  in  3 

131  experiments)  of  control  CFC-GM  remained.  In  con- 

132  trast.  with  the  positive  control  MoAb  28/43/6,  over 
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1 36  90%  of  the  morrow  leukocytes  and  all  of  the  CFC-GM 

137  were  bound.*  The  AHN-7-positive  (bound)  population 

1 38  contained  43%  of  the  starting  CFC-GM  ( l9%-43%  in 

139  4  experiments),  suggesting  that  most,  but  not  all. 

140  CFC-GM  in  normal  marrow  express  the  antigen 

141  detected  by  AHN-7.  This  was  not  due  to  nonspecific— - 

142  binding  of  CFC-GM.  as  no  CFC-GM  w*s*ever 

143  detected  in  the  small  cell  populations  bound  after 

144  negative  control  antibody  treatment  (it  -  8  experi- 
143  mcnts). 

„  146  Marrow  leukocytes  isolated  by  treatment  with 
o  147  AHN-8  MoAb  and  panning  were  predominantly 
^  148  (>80%  in  all  6  experiments)  late  neutrophilic  forms: 

<  149  22%  metamyelocytes.  32%  band,  and  40%  segmented 

1 50  polymorphonuclear  leukocytes  in  the  experiment 
- 1 5 1  shown  (Table  IB).  In  6  replicate  panning  experiments 
'”132  with  AHN-8,  average  cell  recovery  in  the  antigen- 
—  153  positive  population  was  12%  (range  7%-14%)  of  the 
u  154  starting  cells.  As  expected,  when  these  morphologi- 
— (tf  5  cally  well  differentiated  AHN-8-positive  cells  were 

1 56  cultured  (Table  2B).  CFC-GM  were  absent,  and  CFC- 

157  GM  were  recovered  quantitatively  in  the  antigen- 

158  negative  fraction  (recovery  86%  ±  18%.  n  -  6  expcri- 

159  menu).  The  results  indicate  that  expression  of  the 

160  AHN-8  antigen  by  hematopoietic  cells  is  confined  to 

161  the  most  morphologically  mature  cells  in  the  neutro- 

162  philic  series. 

163  The  bound  population  of  marrow  leukocytes  after 

164  treatment  with  MoAb  AHN-I,  -2.  or  -3,  contained 


165  approximately  75%  morphologically  identifiable  neu- 

166  trophil  precursors,  including  progranulocytes,  plus 

167  rare  myeloid  blasts.  The  unbound  population  con- 

1 68  tained  predominantly  erythroid  and  lymphoid  ceils,  as 

169  well  as  small  numbers  of  eosinophils,  basophils,  and 

170  megakaryocytes  (Table  !C:  results  for  AHN-2  and 

171  AHN-3  were  essentially  identical  to  those  for  AHN-1 

172  and  are  omitted  from  Table  i  -T-  .mi  nt  When  the 

173  panned  populations  were  cultured.  CFC-GM  were 

174  recovered  quantitatively  in  the  antigen-negative  frac- 

1 75  tions  and  were  absent  from  antigen-positive  fractions 

176  (Table  2C). 

1 77  The  IgM  MoAb  AHN-I.  -2,  and  -3  were  also  tested 

1 78  for  cellular  reactivity  by  complement-mediated  cytoly- 

179  sis.  These  MoAb  were  strongly  cytotoxic  to  HL-60 

180  target  cells,  as  measured  either  by  trypan  blue  dye 

181  exclusion*  or  by  colony-formation  assay  (data  not 

182  shown).  Viable  marrow  cells  (isolated  by  density- 

183  gradient  centrifugation)  remaining  after  cytolysis  with 

184  AHN-1,  -2,  or  -3  antibody  plus  complement  were 

185  greatly  enriched  for  erythroid,  lymphoid,  and  blast 

1 86  cells  (Table  I D);  essentially  all  morphologically  identi- 

1 87  fied  neutrophil  precursors  were  removed.  However,  no 

188  reduction  of  CFC-GM  numbers  was  observed,  either 
/\-.  189  in  individual  experiments  or  in  pooled  data  from 

190  multiple  experiments  (Table  3A).  AHN-2  was  tested 

191  as  diluted  ( 1 :50)  ascites  fluid:  the  slight  observed  efT ect 

192  of  AHN-2  on  CFC-GM  numbers  may  be  due  to 

193  unknown  substances  in  the  ascites  fluid.  In  contrast. 

194  CFC-GM  were  almost  completely  eliminated  by  posi- 

195  live  control  MoAb  28/43/6  plus  complement  under 

196  these  conditions.  Marrow  cells  surviving  initial  treat- 
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200  mem  with  AHN  antibody  plus  complement  were 

201  treated  a  second  time  with  fresh  antibody  plus  comple- 

202  mem;  no  incremental  effect  on  CFC-GM  number  was 

203  observed  (Table  3B).  confirming  that  initial  conditions 

204  included  excess  antibody  and  complement.  Antibody 

205  excess  was  demonstrated  directly  by  preincubation  of 

206  MoAb  with  marrow  leukocytes  prior  to  use  in  anti- 

207  HL-60  cell  cytolysis  experiments:  marrow-preab- 

208  sorbed  antibody  was  as  strongy  cytolytic  for  HL-60 

209  cells  as  unabsorbed  antibody  (data  not  shown).  These 

210  results  suggest  that  the  antigen(s)  identified  by  AHN- 

21 1  I.  -2,  and  -3  are  expressed  by  morphologically  identifi- 

212  able  neutrophilic  precursors,  but  not  by  cells  of  other 

213  lineages  nor  by  day-14  CFC-GM. 

214  Leukemic  blast  cell  specimens  were  analyzed  by 
213  indirect  immunofluorescence  (as  previously  de- 

216  scribed*)  for  expression  of  these  AHN  MoAb.  Only 

217  specimens  containing  s80%  leukemic  cells  were  ana- 

218  lyzed.  A  finding  of  £20%  fluorescent  cells  (above 

219  background  with  isotype-matched  control  MoAb) 

220  indicated  expression  of  an  antigen  by  the  leukemic 

221  ceils  and  was  defined  as  a  positive  specimen.  MoAb 

222  AHN- 1  and  AHN-7  reacted  with  approximately  half 

223  (55%  and  49%,  respectively)  of  the  specimens  from 

224  patients  with  morphologically  defined  acute  nontym- 
223  phobiastic  leukemia  (Table  4).  A  single  infant  with 

226  CALLa-negalive  acute  lymphoid  leukemia  (ALL)  was 

227  positive  for  AHN-1.  Binding  of  certain  antineutrophil 

228  MoAb  to  rare  ALL  blast  cell  specimens  has  been 

229  previously  noted."  AHN-8  reacted  with  only  I  of  34 

230  ANLL  and  no  ALL  patients  tested:  the  sole  AHN- 

231  8-positive  patient  was  only  marginally  positive  (22% 

232  fluorescent  cells)  and  was  AHN-8-negative  at  relapse. 

233  DISCUSSION 

234  It  appears  that  AHN-7.  which  identifies  an  antigen 
233  on  neutrophils.  easianpMst  basophils,  and  monocytes 

236  in  peripheral  blood,  identifies  the  precursors  of  these 

237  cells  and  also  a  subset  of  mononuclear  cells,  including 

238  blast  cells  in  normal  marrow.  Ceils  at  the  myelocyte 

239  stage  were  most  uniformly  positive  for  AHN-7  in 

240  panning  experiments,  suggesting  that  antigen  expres- 

241  sion  is  maximal  at  this  point  in  development.  The 

242  observation  that  only  54%  of  the  CFC-GM  “missing" 

243  from  the  unbound  fraction  was  detected  in  the  bound 

244  fraction  can  be  attributed,  at  least  in  part,  to  loss  of 

245  viable  cells.  The  r-covery  of  bound  cells  required 

246  vigorous  pipetting;  sc.ne  mechanically  induced  reduc- 

247  tion  of  colony-forming  efficiency  might  therefore  be 

248  expected.  In  the  experiment  shown.  2  ml  of  neat 

249  AHN-7  supernatant  was  used,  fourfold  excess  volume 
230  over  that  used  in  usual  experiments,  to  assure  MoAb 

251  excess.  Partition  of  antigen-positive  from  antigen- 

252  negative  cells  was  demonstrated  by  immunofluores- 

253  cence  assay,  but  some  weakly  positive  cells  were  still 

254  unbound.  The  purity  of  the  antigen-negative  fraction 

255  may  depend  on  the  physical  method  used  >o  collect 

256  unbound  cells.  Conversely,  the  purity  of  the  bound 

257  fraction  may  depend  on  the  presence  of  Fc-receptor- 

258  bearing  cells  in  the  suspension.  As  no  CFC-GM  were 

259  unbound  after  treatment  with  positive  control  MoAb 
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263  28/43/6.  however,  and  no  nonspecific  binding  of  CFC- 

264  GM  was  observed,  these  experiments  suggest  that 

265  CFC-GM  in  normal  marrow  are  at  least  quantitatively 

266  heterogeneous  for  expression  or  the  antigen  identified 

267  by  AHN-7.  An  alternative  hypothesis,  which  we  con- 

268  sidcr  less  likely,  is  that  a  helper  cell  population”  was 

269  partitioned  From  the  CFC-GM  by  the  procedure.  Fur- 

270  thermorc,  we  suggest  that  the  AHN-7-positive  popula- 

271  tion  does  not  correspond  to  a  single  morphologically 

272  defined  cell  category,  but  may  relate  to  the  prolifera- 

273  live  stale  as  has  been  shown  for  the  My-7  antigen.” 

274  The  AHN-7  antigen  may  prove  to  be  important  in  the 
273  Further  analysis  of  hematopoiesis. 

276  The  antigen  identified  by  AHN-8  is  expressed 

277  strongly  only  very  late  in  neutrophilic  maturation  and 

278  might  be  important  in  surface-dependent  mature  ncu- 

279  trophil  function.  The  MoAb  AHN-1,  -2.  and  -3  iden- 

280  tify  a  cell  population  very  similar  to  that  defined  by  the 

281  glycolipid'4  My- 1  differentiation  antigen  of  human 

282  neutrophils.  Normal  cells  of  lineages  other  than  neu- 

283  trophilic  were  not  identified  by  AHN-I,  -2,  or  -3.  in 

284  contrast  to  AHN-7.  Immature  neutrophils  were  AHN- 
283  l-positive  (but  AHN-8-negative).  but  CFC-GM  were 

286  AHN-l-negativc.  The  results  of  cell  separation  using 

287  AHN-I,  -2.  -3  and  panning  were  confirmed  using 

288  complement-mediated  cytotoxicity.  The  removal  of 

289  antibody-positive  cells  was  more  complete  using 

290  complement,  but  the  results  of  CFC-GM  assays  were 

291  identical,  showing  high  CFC-GM  recovery  in  both 

292  antibody-negative  populations.  Another  laboratory’ 

293  has  observed  that  CFC-GM  express  AHN-I.  -2.  -3 

294  antigens.  Possible  explanations  for  these  contrasting 
293  results  are  that  the  other  studies  used  a  different 

296  source  of  colony-stimulating  factor  (leukocyte  condi- 

297  tioncd  media),  a  different  preparation  of  MoAb  (as- 

298  cites),  and  a  different  duration  of  culture  for  CFC-GM 

299  (8  days). 

300  In  the  analysis  of  ANLL  blast  cell  specimens  with 

301  antimyeloid  MoAb.  normal  granulopoietic  cells 

302  expressing  the  detected  antigens  might  contaminate 

303  the  leukemic  cells.  False  positive  results  arising  in  this 

304  way  were  excluded  by  the  requirement  that  s20% 

305  /(above  background)|of  cells  be  fluorescent^  a  sample 

306  containing  a 80%  leukemic  ceils.  Thus,  the  percentages 

/ i  307  of  positive  specimens  shown  (Table  4)  are  minimum 

'  308  estimates.  As  many  ANLL  specimens  reacted  with 

309  AHN-I  and  AHN-7,  these  antibodies  might,  when 

310  positive,  be  helpful  in  the  distinction  of  ANLL  from 

31 1  ALL.  It  is  intriguing  that  ANLL  blast  cells  rarely  (if 

312  ever)  bind  AHN-8.  Conceivably.  AHN-8-positive  cells 

3 1 3  may  not  be  susceptible  to  leukemic  transformation,  or. 

314  once  transformed,  the  leukemic  cells  may  obligately 

315  lose  this  antigen.  Alternatively,  nonlymphocytic  leu- 

316  kemic  cells  may  be  unable  to  differentiate  to  the  stage 

317  of  AHN-8  antigen  expression.”  Whatever  the  media- 

3 1 8  nism.  the  rarity  of  AHN-8-positive  ANLL  blast  cells  is 

319  analogous  to  the  expression  of  surface  antigens  (e.g., 

320  T3,  surface  immunoglobulin)  of  normal  mature  lym- 

321  phoid  cells  only  on  rare  ALL  blast  cells.' 

322  We  have  shown  that  the  MoAb  AHN-I,  -2,  and  -3 

323  detect  a  lineage-  and  stage-specific  neutrophil  diffcr- 
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327  entution  antigen  very  similar  to  the  My- 1  antigen*  not 

328  preaent  on  day-14  CFC-GM.  The  AHN-7  MoAb 

329  detects  an  antigen  expressed  by  maturing  granulocytic 

330  cells,  by  many  lymphoid  and  blast  cells,  and  by  many, 

331  but  not  all,  CFC-GM.  The  AHN-8  MoAb  detects  an 

332  antigen  expressed  very  late  in  neutrophil  diflferentia- 

333  lion,  first  on  metamyelocytes.  As  these  AHN  antibod- 

334  ies  define  distinct,  but  overlapping,  sets  of  granulo- 

335  poietic  cells,  they  are  of  potential  use  in  the  study  of  the 

336  mechanisms  of  normal  cellular  differentiation  and  the 

337  aberrant  differentiation  processes  in  leukemia. 
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Tab*  2.  tMsrsrtiw  By  "Tanntng''  of  AMN  Antibody  Trofod 
Marrow  Cods:  CSC-OM  in  PooMuo  and  Ma  partus  Fractions 


VMCrf  C7C-0M 

K«w«f>‘  C^C-GM/10^  Cosat  Soooowtt 


(A>  mow:  21 

88 

23  (5) 

(s*A>$)— unbound 

MOPC  21  (sup) — bound 

<1 

MO 

AMM-7— unbound 

92 

813) 

AWN-7—  bound 

34 

25(3) 

(8)  mow:  21 

84 

49  (3) 

(aec$)— unbound 

MOW:  21  (see)— bound 

12 

0(0) 

AHM-8 — unbound 

82 

48(2) 

AHN-6— bound 

14 

1  (0) 

(O  TIPC  183 — unbound 

98 

77(10) 

TEPC  183— bound 

3 

0(0) 

AHM- 1—  unbound 

82 

136  (2) 

AHN-t—  bound 

21 

<1  (0) 

AHM-2  —unbound 

47 

172  (8) 

AHN-2— bound 

18 

2(1) 

AHN-3— unbound 

62 

129(10) 

AMM-3— bound 

16 

2(1) 

*Vaiusarspr*ssnt  100%  x  (Vubia  ca*  numbar  w»  fraction  inmalcaN 

untv)  sftsr  VNontnt  with  sitCody  and  hnwq  pfoctdtfi. 
t  Maan  (standard  donation)  of  tnpAcata  datormmationv  roundad  to 

mqm). 

jAroduci  of  CFC-GM/  ?0*  c*S*  x  number  wsbis  osda  m  fraction. 
$MOPC  21  (sup),  nspt  supernatant  of  P3X63.AG8:  M0PC  2 1  (socl. 
Mused  ( 1  90)  ascites  fluid. 

MO.  not  dans. 
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